A b s t r a c t
Fluorescent in situ hybridization (FISH) for HER2 performed on paraffin-embedded tissue samples and immunohistochemical analysis for p57 may be useful ancillary studies to aid in the diagnosis and classification of hydatidiform moles (HMs)
In the United States, hydatidiform moles (HMs) complicate approximately 1 in 1,500 pregnancies and are classified as complete moles (CMs) or partial moles (PMs) based on clinical, morphologic, and genetic differences. Persistent gestational trophoblastic disease develops after a CM in 10% to 30% of cases and after a PM in 0.5% to 5%. Choriocarcinoma arises in up to 3% of CMs and is a rare but reported sequelae of PMs. [1] [2] [3] Despite the difference in risk for persistent disease or metastases, the postevacuation surveillance recommendations are identical with frequent monitoring of serum human chorionic gonadotropin levels until normalization and monthly monitoring for 6 months thereafter. 4 Thus, distinguishing a molar pregnancy from a hydropic abortion (HA) and correctly classifying the mole as partial or complete has management and prognostic implications. However, the diagnosis and classification of HM is subject to great interobserver and intraobserver variability, with the greatest difficulty distinguishing PM from HA. Ancillary studies, including cytogenetics, ploidy analysis, and immunohistochemical analysis, use the underlying genetics of these entities and sometimes aid in the diagnosis and classification of HM. p57 kip2 (p57) is the protein product of the paternally imprinted but maternally expressed gene CDKN1C located on chromosome 11p15.5. 5 Because CMs lack a maternal genomic component, they are not expected to express imprinted genes that are normally expressed by the maternal allele, and immunohistochemical analysis for p57 has been shown to be a valuable tool in the diagnosis of a CM. [6] [7] [8] [9] [10] However, immunohistochemical analysis for p57 cannot distinguish a PM from an HA.
Because fresh tissue samples for cytogenetics are not always available and many laboratories do not perform ploidy analysis on paraffin sections, we studied a paraffin fluorescent in situ hybridization (FISH) technique coupled with p57 in the diagnosis of HM. HER2 is an oncogene located on chromosome 17q21.1 that is amplified in a subset of breast carcinomas. FISH analysis for HER2 using formalin-fixed, paraffinembedded tissue samples is widely used for amplification analysis, is readily available in many laboratories, and has a quick turnaround time. We postulated that it could also be used as a surrogate marker for ploidy in the evaluation of HMs.
Materials and Methods

Patient Specimens
The pathology archives were searched for the pathologic diagnoses of CM and PM and for the clinical diagnosis of rule out HM. The original histologic diagnoses of the 44 cases included 13 CMs, 15 PMs, and 16 nonmolar pregnancies. These cases made up the set used for the morphologic study. Cytogenetic data were available for 14 of the cases, and an additional 10 cases with cytogenetic data were obtained from the Columbus Children's Hospital, Columbus, OH. This set included 14 triploid, 9 diploid, and 1 tetraploid case and was the basis of validation of FISH for HER2.
HER2 FISH
HER2 FISH was performed on all 54 cases. Sections (3 µm) from paraffin-embedded tissue samples were baked at 58°C for 15 minutes. FISH was performed according to the manufacturer's automated procedure, Inform, using the Ventana Benchmark instrument (Ventana Medical Systems, Tucson, AZ). Briefly, slides were rinsed, deparaffinized, rinsed, treated with reaction buffer, and incubated at 37°C for 4 minutes. One drop of ISH-protease 3 was applied and rinsed with reaction buffer. After ISH blocker application, 1 drop of antimouse/fluorescein isothiocyanate was added and incubated for 40 minutes (to amplify the signal). The slides were then rinsed with reaction buffer several times and cover slipped. A breast cancer specimen with known HER2/neu gene amplification was used as a positive control sample. All slides were viewed under a fluorescence microscope.
FISH was repeated once in all cases for which a signal was not obtained or was too weak to score. A total of 50 cells were counted, and HER2 FISH was scored as triploid or tetraploid if more than 10% of nuclei showed 3 or 4 signals, respectively. The 24 cases with cytogenetic correlation served as the basis for the validation study.
p57 Immunohistochemical Analysis
A representative slide containing decidual and villous tissue was submitted for immunohistochemical analysis for p57 (dilution 1:200; NeoMarkers, Fremont, CA). Paraffin sections were cut at 4 µm, mounted on positively charged glass slides, and baked overnight. Sections were deparaffinized in xylene and ethanol, and antigen retrieval was performed by placing in DAKO TRS (pH 6.0 citrate buffer; DAKO, Carpinteria, CA) and put in a pressure chamber for 30 seconds. Sections were removed and allowed to cool in buffer for 20 minutes, following which they were rinsed thoroughly in deionized water. Slides were processed on a DAKO Autostainer Plus S3400 (DAKO). Incubation with secondary antibodies was performed, followed by treatment with a 3,3'-diaminobenzidine-containing chromogenic solution and hematoxylin counterstaining. Appropriate positive and negative control experiments were run with each case. p57 staining was considered negative when cytotrophoblasts and villous stromal cells showed less than 10% nuclear immunoreactivity. Maternal decidua and proliferating trophoblasts served as internal control samples, and staining was necessary for the results to be considered valid.
Validation Study for HER2/neu
The HER2 FISH results were compared with the cytogenetic data, and a concordance percentage was calculated based on the number of concordant samples over the total number of samples.
Morphologic Study
All H&E-stained slides were reviewed by 3 of us (E.B.S., K.A.A., and R.D.L.), and a consensus review diagnosis was made based only on the H&E-stained slides. A final diagnosis was assigned by using the results from all available data, including morphologic features, cytogenetics, HER2 FISH results, and the results of immunohistochemical analysis for p57 according to the algorithm outlined in zFigure 1z. 
Results
HER2 FISH
FISH was successfully performed on 46 cases. Initially, 9 cases had no signal or a signal too weak to score. On repeated FISH, only 1 of these cases yielded a signal strong enough for analysis, for an overall success rate of 85% (46/54).
Validation Study
Of the 24 cases with cytogenetics data, 14 were triploid, 9 were diploid, and 1 was tetraploid on karyotyping. No signal was seen by HER2 FISH in 4 triploid cases. Of the remaining cases, FISH results were concordant with cytogenetics in 7 of 10 triploid cases, 9 of 9 diploid cases, and 1 of 1 tetraploid case, for an overall concordance rate of 85% (17/20; 95% confidence interval, 62%-97%) zTable 1z.
Morphologic Study
The results of the cases constituting the morphologic study are detailed in zTable 2z. There was disagreement between the original and consensus diagnosis in 25% of the cases, all of which involved the differential diagnosis of PM vs HA. Of the 13 cases assigned a final diagnosis of CM, all were interpreted as CMs in the original and review diagnoses. There was a complete lack of p57 immunoreactivity in the stromal and cytotrophoblastic cells with positive internal controls in 10 of the 13 cases zImage 1z. One case showed a dual population of villi with differential p57 staining consistent with a coexistent CM and nonmolar twin. Two cases (cases 6 and 12) with diagnostic features of a CM showed more than 30% p57 immunoreactivity in villous cytotrophoblasts and stromal cells. Both of these cases were from the same patient and represent the first 2 of 3 recurrent CMs.
HER2 FISH data were available for 10 of the 13 CMs; 3 cases yielded no signal. Of the 13 cases, 8 were interpreted as diploid and 1 as tetraploid, which correlated with the cytogenetic findings zImage 2z. One case was scored as triploid by FISH (case 13) and had no correlative cytogenetics. This case showed loss of p57 immunoreactivity with strong internal controls and also represented the last of the 3 recurrent moles from the same patient as in cases 6 and 12.
PM was the final diagnosis in 10 cases. PM was the original diagnosis in 9 cases but the review diagnosis in only 7 cases; the remainder were classified as HA. All 10 cases of PM showed immunopositivity for p57 zImage 3z.
HER2 FISH was successfully performed on all 10 cases and was scored as triploid in 8 and diploid in 2 zImage 4z. Of the 2 diploid FISH cases, 1 case (case 22) was triploid by cytogenetics, and a karyotype was not available on the other case (case 20).
The remainder of the morphologic study set included 21 cases given the final diagnosis of a nonmolar pregnancy (HA).
This was the original diagnosis in 15 cases and the consensus review diagnosis in 20 cases, with the remainder in each set being called PM (Table 2) . p57 staining was present in 20 of these cases and was noninformative in 1 case owing to degenerative changes and a negative internal control. HER2 FISH was successful in 20 of the cases and in all cases was scored as diploid.
Discussion
Distinctive histologic features characterize HMs. PMs show a dimorphic villous population with an admixture of hydropic and normal villi, the former of which have scalloped borders, trophoblastic inclusions, and at least focal trophoblastic hyperplasia. There is usually evidence of fetal development in the form of fetal parts, membranes, or villous vessels containing nucleated RBCs. CMs show uniformly enlarged villi with central cisterns, circumferential trophoblastic hyperplasia that often shows cytologic atypia, and an absence of fetal tissue. However, histologic evaluation alone is prone to great interobserver variability, especially between the diagnoses of PM and HA and in identifying first-trimester CMs. 11 Cytogenetics and ploidy analysis have greatly aided in the diagnosis of HMs. CMs are usually diploid, with the vast majority showing a 46,XX karyotype and the remainder showing 46,XY. In approximately 10% of cases, CMs have a tetraploid karyotype. The majority of CMs lack a maternal genome and are androgenetic as a result of reduplication of zImage 1z p57 staining in a complete mole shows lack of staining in the villous cytotrophoblast and stromal cells with positive staining of the trophoblastic hyperplasia (×100).
zImage 2z Two HER2 signals seen in the center cell suggest diploid DNA content. a haploid paternal genome and, less commonly, as a result of a dispermic fertilization. 12 A small percentage have a biparental genome, and this is the usual case in recurrent and familial forms. 13 PMs are characterized by a triploid genome, and most have a 69,XXX or 69,XXY karyotype. This is composed of a haploid maternal genome and a reduplicated paternal haploid genome or is a result of dispermy. 12 A triploid chromosome complement can aid in the diagnosis of a PM, but neither conventional cytogenetics nor ploidy analysis can discriminate a CM from an HA.
FISH analysis on paraffin-embedded tissue samples has many potential technical and interpretive challenges. An absent or weak signal, as occurred in 8 of our cases, may be due to preanalytic or analytic variables. 14,15 Suboptimal fixation or embedding can result in an absent or decreased signal. Ideally, specimens should be fixed as quickly as possible after receipt. However, specimens are often evacuation products after missed abortions and have already undergone marked degenerative changes. A preferred fixative for molecular techniques is 10% neutral buffered formalin, which was used in the majority of cases studied. Storage time can also affect signal intensity, but we were not able to see a correlation with this in our cases. Hybridization problems can also occur during the technical phase owing to incomplete unmasking or poor hybridization. These parameters were not adjusted during this study because we were attempting to study the method that has already been optimized for analysis of breast carcinoma.
Of the 10 cases that were triploid by cytogenetics, 3 were diploid by FISH analysis. One of the possibilities is that decidual tissue was scored, rather than villi. Attempts were made to circle the areas rich in villi before the hybridization procedure, but many cases had intermixed maternal decidua. The FISH signal was not uniformly strong across tissue samples, and often the slide had to be scanned for a signal strong enough to score. An alternative explanation is that this is a truncation artifact due to incomplete representation of nuclei on cross-section.
This study had no cases with triploid or hyperdiploid FISH results in a morphologically nonmolar pregnancy, but this could conceivably happen in cases of digynic triploidy or rare cases of trisomy 17, which is present in fewer than 1% of chromosomally abnormal spontaneous abortions. 16, 17 In addition, HER2 overexpression assessed by immunohistochemical analysis has been reported in HM and has been proposed as a predictor of persistent disease. 18 None of our cases tested showed HER2 signals exceeding the ploidy determined by cytogenetics, suggesting that there was no evidence of amplification. This may be sampling error but suggests that the mode of HER2 overexpression is not by genomic amplification.
The present study acknowledges the difficulty in discriminating PM from HA because all discrepant cases were assigned to one of these groups on final diagnosis. For the majority of cases, the addition of ploidy results enabled us to separate the HA and PM groups. We did not encounter the problem of distinguishing CM from PM or HA, in large part owing to the results of immunohistochemical analysis for p57 result, but also likely owing to underrepresentation of first-trimester gestations, when HA and CM show the most morphologic overlap.
zImage 3z p57 staining in a partial mole shows strong nuclear staining in the villous cytotrophoblast and stromal cells (×100).
zImage 4z Three HER2 signals are seen in the center cell, suggesting triploid DNA content.
There were 5 cases that did not easily stratify into a diagnostic group and were considered discrepant by one of the ancillary studies. Two cases (cases 20 and 22) with a final diagnosis of PM were diploid by FISH, one of which had a triploid karyotype by cytogenetics. This constitutes 20% of all PM diagnoses and is similar to the concordance rate in our validation study. There has been some debate whether nontriploid PM exists, and this is unlikely. 19 Scoring of signals in decidual tissue remains a possibility, as mentioned in the validation study discussion. The histologic interpretation of the case without cytogenetics data was PM in the original and review diagnoses and was assessed a third time with the ploidy information available, and all pathologists were in agreement with PM as the diagnosis.
Cases 6, 12, and 13 are of interest because they represent repeated molar gestations in the same patient. All 3 cases were diagnosed as CM in the original and histologic review and assigned a final diagnosis of CM. However, all 3 cases had discrepancies in the p57 or HER2 FISH results. Recurrent molar pregnancies are rare and, in some cases, are familial with an autosomal recessive pattern of inheritance. The genetic locus has been mapped to chromosome 19q13.4, and recently, mutations in NALP7 have been identified in families affected by recurrent molar pregnancies. 20 The genotype of recurrent CMs, unlike sporadic moles, is biparental with a haploid maternal and paternal contribution. 13 The pathogenesis is still considered one of imprinting, and an abnormal methylation pattern preferentially affecting imprinted genes has been shown. A single study assessing recurrent moles in 7 patients, including a pair of siblings, showed loss of staining of p57 in all cases. 21 In the present study, 2 of 3 cases (cases 28 and 43) of recurrent CM showed immunoreactivity for p57 in the cytotrophoblasts and villous stromal cells in essentially all villi. Both of these cases were diploid by HER2 FISH, and 1 was confirmed diploid by karyotype but parental contribution was not assessed. Case 13 showed a lack of p57 staining with appropriate staining of the small amount of decidua present on the slide and only focal staining of the proliferating extravillous trophoblasts. HER2 FISH was interpreted as triploid in this case, and a karyotype was not available. The discrepancies in this subset of cases are without a convincing explanation but raise the possibility of other mechanisms underlying recurrent moles.
A combination of immunohistochemical analysis for p57 and HER2 FISH (or potentially other probes) will aid in the accuracy in identifying molar pregnancies. An absence of p57 staining is specific for CM. When the differential diagnosis is PM vs HA, HER2 FISH or potentially other FISH probes can assist in the classification when ample viable tissue is present, particularly when triploid content is seen.
